Background: The German food pyramid was set up to foster and communicate healthy food choices. Methods: The adherence to recommendations of the food pyramid was translated into an index (German Food Pyramid Index (GFPI)) by scoring the ratio of consumed and recommended daily servings of eight food groups, wherein higher scores indicated greater adherence. The GFPI was calculated for 23 531 subjects who participated in the European Prospective Investigation into Cancer and Nutrition-Potsdam study and were recruited between 1994 and 1998. Associations between quintiles of GFPI scores and risk of incident cardiovascular diseases (CVD), type-2 diabetes (T2D) and cancer were evaluated using Cox proportional hazard regression models. During 183 740 person-years of follow-up, 363 incident cases of CVD (myocardial infarction or stroke), 837 incident cases of T2D and 844 incident cases of cancer occurred. Results: The GFPI was inversely related to CVD risk in men (multivariable-adjusted hazard ratio (HR) for highest versus lowest quintiles ¼ 0.56; 95% confidence interval (CI): 0.34-0.94) but not in women (HR ¼ 1.39; 95% CI: 0.76-2.55). No association between GFPI and cancer was observed. An inverse relation between GFPI and T2D (men: HR ¼ 0.71 (0.52-0.97); women: HR ¼ 0.69 (0.50-0.96)) in age-adjusted models was substantially attenuated after multivariable adjustments, particularly by body mass index (BMI) (men: HR ¼ 0.94 (0.69-1.30); women: HR ¼ 1.09 (0.77-1.54)). The same was observed for overall major chronic disease risk (CVD, T2D and total cancer). Conclusion: Adherence to the German food pyramid recommendations is not associated with a decreased risk of chronic diseases when considering BMI as confounder, except of CVD in men.
Introduction
Diet is considered an important determinant for risk of chronic diseases, including type 2 diabetes (T2D), cardiovascular diseases (CVD) and cancer (WHO, 2003) . However, it is still uncertainty about which aspects of the diet contribute substantially to disease occurrence and have the greatest potential for chronic disease prevention.
During the last decade, several national dietary recommendations were complemented by food-based dietary guidelines and translated into indices, which allowed the actual diet of individuals to be compared against those dietary recommendations (Kennedy et al., 1995; Harnack et al., 2002; Shatenstein et al., 2005; Guenther et al., 2007; McNaughton et al., 2008; Taechangam et al., 2008; Woodruff and Hanning, 2010) . Still, whether adherence to dietary recommendations, as measured by these indices, relates to a lower risk of major chronic diseases has always been the question. Some studies indicate that the risk reducing effects of a diet according to the recommendations are small. The widely known Healthy Eating Index (HEI) of the US Department of Agriculture, for example, was associated with only a relatively small reduction in risk of chronic diseases (McCullough et al., 2000a, b) . In general, indices based on both foods and nutrients, like the US-HEI, appear to better predict chronic disease risk compared with indices based only on food groups such as the Healthy Food Index (Osler et al., 2001 (Osler et al., , 2002 , However, indices based solely on food groups are less intensively investigated (Waijers et al., 2007) .
In 2007, a German state-funded agency for consumer information (Infodienst Ernährung, Landwirtschaft und Verbraucherschutz) published food recommendations for Germany by means of a food pyramid (Koelsch and Brüggemann, 2007) . Whether adherence to this food pyramid relates to a lower chronic disease risk is unknown. Thus, we aimed to develop a comprehensive diet quality index to assess the adherence to the food pyramid recommendations and to investigate the association of this index to the risk of chronic diseases. We considered the incidence of CVD, T2D and cancer in a German prospective population-based study, the European Prospective Investigation into Cancer and Nutrition (EPIC)-study Potsdam.
Subjects and methods

Study population
The EPIC-Potsdam study is a prospective cohort study among 27 548 participants from the general population of Potsdam, Germany, who were aged mainly 35-65 years at recruitment (Boeing et al., 1999a) . Baseline examinations comprised a self-administered food frequency questionnaire (FFQ), a computer-guided interview on lifestyle habits and medical history, and anthropometric measurements performed by trained staff. Every 2-3 years, the participants received a mailed follow-up questionnaire to assess incident diseases (Bergmann et al., 1999; Boeing et al., 1999b) . Response rates for each follow-up round were between 93 and 96%.
We excluded participants who reported prevalent T2D, CVD or cancer at baseline, withheld information on important diet and lifestyle variables, missed follow-up time or who reported an implausibly high or low energy intake (o800 or 46000 kcal/day; equates to about o3350 and 425 120 kJ, respectively). After all exclusions, 23 531 participants remained (9098 men and 14 433 women).
Dietary assessment
Dietary intake was assessed at recruitment with a semiquantitative FFQ, which inquired about the frequency of intake and portion sizes of 148 food items consumed during the preceding 12 months. The frequency scale ranged from 'never' to 'five times per day' and portion sizes were estimated using photographs or standardized household measures (one slice, teaspoon or piece). Respondents had either to select relative portion sizes by assigning their average portion size to half, the same, double or three times of one amount shown, or to choose absolute portion sizes out of three pictures visualizing small, medium and large portions of foods or dishes. The actual portion sizes were derived from a representative national nutrition survey (Nationale Verzehrsstudie). Additional questions about the fat contents of dairy products and types of fat used for food preparation were included. Daily intake of foods and beverages (g/day) was calculated by multiplying frequency per day and portion size.
Details about reproducibility and validity of the FFQ have been published previously BohlscheidThomas et al., 1997a, b; Kroke et al., 1999) . Briefly, the reproducibility was assessed by a repeated administration in a subset of the study subjects after 6 months. Spearman testretest correlations of food group intake ranged from 0.49 for bread to 0.89 for alcoholic beverages (median ¼ 0.70). Spearman correlations for comparing intake between FFQ and the mean intake value of twelve 24-h recalls, conducted in a subset at monthly intervals, varied from 0.14 for legumes to 0.90 for alcoholic beverages (median ¼ 0.45) (BohlscheidThomas et al., 1997b) .
German Food Pyramid Index (GFPI)
The GFPI is based on eight out of nine food groups, for which the German food pyramid gives recommended intakes (Koelsch and Brüggemann, 2007) : non-alcoholic beverages, vegetables, fruits, cereals (including bread and side dishes like pasta, rice and potatoes), dairy products (milk, yoghurt and cheese), meat/sausages/fish/eggs, added fat/oil and sweets/snacks. Alcohol was not incorporated into the GFPI, because this dietary component is considered as a lifestyle factor instead of an essential and recommendable component of human diet. Therefore, alcohol was considered as a confounder in the multivariate analyses.
On the basis of EPIC-Soft program (Slimani et al., 2000) , a computerized dietary assessment tool developed for 24-h recalls within EPIC, recipes and mixed dishes (for example, pizza or casserole) were disaggregated into their ingredients, and single foods were assigned to the appropriate food groups.
Actual frequency of consumed servings was calculated by dividing the estimated total amount of food group intake derived from the FFQ by the serving size that was suggested in the German food pyramid (Table 1 ). The agency communicating the pyramid issued recommendations about number and size of servings for each of the food groups under the assumption that energy intake is about 1900 kcal for women and 2400 kcal for men. This reference energy level is based on the average energy intake of the adult population with a physical activity level (PAL) of 1.4 (DGE, 2008) . We further adapted recommended servings per day to the individual energy requirement by multiplying the original recommended number of servings by the ratio of energy requirement (in kcal) to either 1900 kcal (women) or 2400 kcal (men). Energy requirement of each individual was calculated as the product of the basal metabolic rate and the PAL. Basal metabolic rate was estimated with sex-and age-specific equations using weight and height (Schofield, 1985) and PAL was assessed from the activity questions at baseline (Haftenberger et al., 2002) . The PAL defines the average energy expenditure during everyday activities, sports or occupational activity specified as a multiple of the basal metabolic rate. To calculate the average PAL of a person, the time spent on the respective activities in hours per day was multiplied with metabolic equivalent values from the literature. One metabolic equivalent is equivalent to an energy expenditure of 1 kcal per kilogram body weight per hour.
The GFPI score was calculated by dividing the consumed servings by the recommended servings and has eight subcomponents with a score ranging from 0 ( ¼ no compliance with recommended intake) to 10 ( ¼ perfect conformity with recommendations). Less than perfect compliance results in lower scores. For the GFPI categories 'beverages', 'vegetables' and 'fruits', the score was calculated by using the following equation:
For these three food groups we allowed up to 10 extra points according to equation (1) if intakes exceeded the recommendations for each of these three food categories, thereby accounting for potential health benefits of intakes beyond the recommendations. In doing so, it was taken into account that especially fruits and vegetables are low in energy and have a high-nutrient density. The contributions of 'cereal products', 'dairy products', 'meat/sausage/fish/egg' and 'added fat and oils' to the GFPI-score were also calculated according to Equation (1). However, in contrast to the first three food groups an excess of the recommendations resulted in a proportional deduction of points using Equation (2). These four food groups are relatively high in energy and excess consumption may easily lead to a positive energy balance.
The category 'sweets and snacks' was scored inversely according to Equation (2), that is, the higher intake, the lower the assigned score. A maximum score of 10 was assigned if intake was below the recommendation. The component (food group) scores were added up to obtain a total score, which could range from 0 to 110 (80 points plus 30 extra points). Thus, higher score values reflect greater adherence to the recommendations of the food pyramid.
Case ascertainment Information about incident diseases were obtained by using all available sources during follow-up including self-reports on new medical diagnosis, medication use or reasons for a reported change in diet in the follow-up questionnaires. In case of multiple diseases, only the first clinical event was considered for the analysis.
All potential incident cases were verified with information from the treating physician, medical records and cancer registries (Bergmann et al., 1999) . Diseases were coded based on the International Classification of Disease (ICD-10 I21 for myocardial infarction, I60, I61, I63, I64 for stroke, E11 for diabetes and C00-C97 for cancer (except C44: nonmelanoma skin cancer). The recommended number of servings for each food group (after adoption to individual energy requirement) was used as criterion for assignment of an optimal score of 10, a sore of zero was assigned to non-consumers of the respective food group. Exception: sweets and snacks were scored inversely, that is, higher intakes resulted in lower scores (a maximum score of 10 was assigned if intake did not exceed the recommended amount). b The first juice serving was counted as fruit, every additional juice servings, if any, were assigned to beverages.
Statistical analysis
For the current analysis, the follow-up time of each participant lasted until the first diagnosis of one of the three chronic diseases (CVD, T2D or cancer), death, or April 2007. Hazard ratios (HR) for incident diseases across quintiles of the GFPI score were estimated with Cox proportional hazard regression taking age at recruitment and age at the end of follow-up or diagnosis as dependent time-variables. The lowest quintile of the GFPI score served as the reference. In multivariable analyses, we adjusted for age (years), smoking status (non-smoker, former smoker, smoker), alcohol intake (g/day), leisure-time physical activity (h/week), history of high blood lipid levels or hypertension at baseline (yes/no), education (vocational training or lower degree vs. trade school, technical school, or university degree), vitamin supplementation and total energy intake (kJ/day). In an additional model, HRs were further adjusted for body mass index (BMI) (kg/m 2 ). Covariables were defined on a priori knowledge of main risk factors for the investigated outcomes. In general, the same covariables were included in each model, except history of hypertension or high blood lipid levels, which were omitted in the multivariable models for cancer.
Trend tests were conducted by including the median value of each quintile as a continuous variable into the models.
Furthermore, the influence of the single index components on incident chronic diseases was examined by entering each component individually into the multivariable models.
Interactions of the score (in quintiles as a continuous variable coded 1-5) with sex, smoking (never, past, current), age (o60 years versus X60 years), and BMI (o18.5; ; 435 kg/m 2 ) were evaluated using likelihood-ratio tests. P values presented were based on two-sided tests and we applied a significance level of 5% for all tests. All statistical analyses were performed with SAS software 9.2 (SAS Institute Inc., Cary, NC, USA).
Results
The GFPI score ranged from 23.5 to 92.1 in our study population. The mean GFPI score was 52.7 in women compared with 49.2 in men (Po0.0001). Subjects with higher GFPI scores tended to be slightly older and higher educated, had a lower BMI, were less likely to smoke and more likely to take vitamin supplements than those with lower scores (Table 2) . Unexpectedly, subjects with higher GFPI sores were more likely to have a history of hypertension or self-reported high blood lipid levels. 1.9 ± 1.6 2.6 ± 1.4 2.8 ± 1.3 1.9 ± 1.5 2.4 ± 1.3 2.9 ± 1.4 Meat, sausages, fish, eggs (servings/day) b 4.0 ± 2.2 3.6 ± 2.0 3.1 ± 1.8 2.7 ± 1.6 2.5 ± 1.2 2.2 ± 1.3 Added fat, oil (servings/day) b 2.5 ± 1.3 2.6 ± 1.0 2.4 ± 1.1 2.2 ± 1.3 2.3 ± 1.1 2.3 ± 1.0 Sweets, snacks (servings/day) b 1.6 ± 1.3
1.4 ± 1.0 1.2 ± 0.9 1.8 ± 1.6 1.4 ± 1.1 1.2 ± 0.9
Other diet components Alcohol intake (g/day) 
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Of the diet components contributing to the GFPI, intake of added fats and oils remained relatively stable across the quintiles of the GFPI, whereas intake of other food groups changed in the expected direction. The findings were quite similar between men and women, except for the intake of meat, sausages, fish and eggs, with men consuming on average about one serving per day more than women. Furthermore, alcohol intake decreased across quintiles in men but not in women.
Intakes of most nutrients increased across quintiles (Table 3 ). The strongest positive correlations of the GFPI and nutrients were found for fibre, folic acid, vitamin C, beta-carotene, iodine and potassium whereas the strongest inverse correlations were observed for total fat, saturated fat, monounsaturated fat, and vitamin B12 (data not shown). Energy intake was only slightly correlated with the GFPI (r ¼ 0.015).
During a total follow-up time of 183 740 person-years (average follow-up period ¼ 7.8 years), 363 incident cases of CVD, 837 T2D cases and 844 cancer cases were observed as first events. When comparing subjects in the highest with those in the lowest GFPI quintile, the age-adjusted HRs of major chronic disease (CVD, T2D and cancer combined) were 0.77 (95% confidence interval (CI): 0.63-0.95, P trend ¼ 0.005) for men and 0.80 (95% CI: 0.65-0.99, P trend ¼ 0.059) for women. Adjustment for further risk factors not including BMI weakened these inverse relations (men: HR ¼ 0.82; 95% CI: 0.67-1.01; P trend ¼ 0.040; women: HR ¼ 0.82; 95% CI: 0.66-1.01; P trend ¼ 0.074). After additional consideration of BMI, the associations disappeared (model 2) (Tables 4 and 5). Gender significantly modified the association between GFPI score and risk of CVD (P interaction ¼ 0.008) and cancer (P interaction ¼ 0.042).
Concerning specific disease outcomes, a strong inverse relationship between GFPI score and risk of CVD was observed in men but not in women. This significant inverse association in men persisted after controlling for further risk factors including BMI; men in the highest GFPI quintile had a 44% lower risk of CVD compared with those in the lowest quintile (model 2: HR ¼ 0.56; 95% CI: 0.34-0.94; P ¼ 0.026). The non-significant association in women was independent of postmenopausal status and postmenopausal hormone use. 16.3 ± 7.2 16.9 ± 6.3 16.8 ± 6.1 12.6 ± 5.8 13.3 ± 5.1 13.9 ± 5.1 Vitamin B1 (mg/day) 1.4 ± 0.5 1.5 ± 0.5 1.5 ± 0.4 1.1 ± 0.4 1.1 ± 0.3 1.2 ± 0.3 Vitamin B2 (riboflavin) (mg/day) 1.6 ± 0.6 1.8 ± 0.5 1.9 ± 0.5 1.3 ± 0.6 1.4 ± 0.5 1.6 ± 0.5 Niacin (mg/day) 18.7 ± 6.6 18.7 ± 5.9 18.8 ± 5.8 12.1 ± 3.8 13.0 ± 3.6 14. 11.5 ± 4.3 12.8 ± 4.0 14.0 ± 4.3 9.7 ± 3.7 10.9 ± 3.5 12.5 ± 4.0
0.7 ± 0.4 0.9 ± 0.3 1.0 ± 0.3 0.6 ± 0.4 0.8 ± 0.3 0.9 ± 0.3 Sodium (g/day)
2.7 ± 1.0 2.9 ± 0.9 2.8 ± 0.8 2.0 ± 0.7 2.1 ± 0.6 2.2 ± 0.6 Potassium (g/day)
2 
Adherence to German food pyramid recommendations and health A von Ruesten et al
In men and women, GFPI scores were inversely related with T2D in models adjusted for age, education, lifestyle and history of dyslipidemia and hypertension. Accounting additionally for BMI attenuated these associations.
For cancer, no consistent trends were found (men: HR ¼ 1.16; 95% CI: 0.83-1.62; P ¼ 0.402; women: HR ¼ 0.79; 95% CI: 0.58-1.08; P ¼ 0.144).
Finally, we investigated the impact of a five-point increase in the individual GFPI components on risk of overall major chronic disease (Table 6 ). No single component was significantly related to disease risk, except the sweets and snacks component, which was positively related to risk for women (HR ¼ 1.25; 95% CI: 1.05-1.48). This implies that women with higher than recommended intakes of sweets and snacks were at lower risk of major chronic disease. Stratification by specific disease outcome and level of BMI categories revealed that the inverse association between intake of sweets and disease risk was confined to overweight and obese women and T2D (BMI: 25.0-29.9 kg/m 2 : HR ¼ 1.68; 95% CI: 1.04-2.71; BMI: 30-34.9 kg/m 2 : HR ¼ 2.33; 95% CI: 1.33-4.07).
Discussion
Our results suggest that adherence to recommendations of the German food guide pyramid in the current form does not have much impact on disease risk. In our data set, which is the largest prospective study in Germany by number with extensive dietary assessment, the score values related inversely to incidence of CVD in men but not in women. Although inverse associations were also seen for T2D risk in both men and women, these were largely explained by lower BMI in those with higher GFPI scores. The risk of cancer was not related to GFPI scores. One advantage of the GFPI is that adherence to the German food pyramid is expressed in one figure. The single component scores were calculated proportional to intake instead of using simple cut-off values with scores of 0 and 1. A further strength of the GFPI is the integration of a score deduction to account for overconsumption of energy-rich food and extra points for beneficial food groups like beverages, fruits and vegetables. However, the score is based on consumption of foods only; nutrient intakes were not Test for trend over the quintiles by using the median value for each quintile. b Major chronic diseases were defined as CVD, T2D, or cancer, whichever occurred first. c 95% confidence intervals in brackets. d Model 1: adjusted for age, smoking status (non-smoker, former smoker, smoker), alcohol intake (g/day), leisure-time physical activity (h/week), history of high blood lipid levels or hypertension at baseline (yes/no), education (vocational training or lower degree vs. trade school, technical school, or university degree), vitamin supplementation and total energy intake (kJ/day). e Model 2: additionally adjusted for body mass index (kg/m 2 ). f CVD was defined as myocardial infarction and stroke. g Model for cancer includes the same covariable-set as models for CVD or T2D, except high blood lipid levels in past (yes/no) and high blood pressure in past (yes/no).
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A von Ruesten et al used. Besides, we assumed that individual score components are independent of each other, even though they may be correlated. It is further known that self-administered FFQs have its limitations, particularly in respect to quantity (Kristal et al., 2005) . Thus, the score values should be interpreted as ranking variables and not as reflecting true Model 2: additionally adjusted for body mass index (kg/m 2 ). f CVD was defined as myocardial infarction and stroke. g Model for cancer includes the same covariable set as models for CVD or T2D, except high blood lipid levels in past (yes/no) and high blood pressure in past (yes/no). food intake. In general, misclassification of dietary intake can lead to a reduced ability to detect true associations. This might be a limitation of this study despite the prospective design, the high rate of follow-up, and the inclusion of confirmed incident disease cases. Similar to our findings, studies in the US show that adherence to American dietary guidelines, assessed with the US Department of Agriculture (USDA)-HEI, was relatively weakly associated with overall risk of chronic diseases. Considering the single diseases, the strongest inverse relations were observed for CVD. Similar to our findings, the USDA-HEI primarily relates to a lower CVD risk in men, whereas this relation is less pronounced in women (McCullough et al., 2000a, b) . The USDA-HEI failed to predict cancer risk (McCullough et al., 2000a, b) and these findings were also similar to our study. Though the Dietary Guidelines index was associated with a 15% reduction in overall cancer risk (comparing the highest with the lowest quintile), the associations were not persistent after excluding nondietary factors from the index (Harnack et al., 2002) . Thus, it may be that variables other than dietary factors are mainly influencing overall cancer risk.
Associations between adherence to national dietary recommendations and incident diabetes have been only rarely reported. The observation that anthropometric characteristics attenuated the risk estimates for T2D in our study is noteworthy. One could argue that anthropometric characteristics of a person are more a consequence than the cause of specific dietary habits. Analyses of determinants of weight gain, which included this data set, showed that per example intakes of fruits and vegetables as well as dietary fibre were inversely associated with weight gain (Buijsse et al., 2009; Du et al., 2010) . Thus, anthropometric variables could also be considered as intermediate variables and models not adjusted for BMI may therefore also be justified. It is obvious that not considering BMI as a confounder would lead to reduced risk estimates for T2D and overall chronic diseases in men and women with increasing adherence to the food pyramid. At this stage, we opted for the more conservative model including BMI.
When considering the single components of the GFPI, consumption of sweets and snacks was unexpectedly inversely associated with major chronic disease risk only in obese women. Because women and persons with overweight or obesity appear to underreport their food intake, in particular foods rich in fat and sugar (Heitmann and Lissner, 1996; Voss et al., 1997; Yannakoulia et al., 2007) , we can not exclude that selective underreporting is responsible for this association. If obese women with a higher risk for chronic diseases selectively under report their sweet intake, spurious inverse risk relations could arise. Furthermore, we can not completely exclude the effect of residual confounding as a further possible explanation for this observation. Nevertheless, our findings also give no reason to conclude that consumption of these food bears risk of chronic diseases, in particular T2D. More research on this particular issue is needed.
The results of this study can not be used to generally assume that diet has a low impact on disease risk. Recently, we could show in another analysis using this data set that a simple dietary index composed of fruits, vegetables, whole grain and less meat intake significantly contributes to a healthy lifestyle and is related with reduced risk of chronic diseases. This was particularly the case for T2D, even after controlling for BMI. The estimates for stroke and cancer were also reduced but not significantly (Ford et al., 2009 ). It appears that the dietary potential of risk reduction is confined to some food groups and covers not all dietary aspects discussed by nutritionists as components of a healthy diet.
In summary, this study exemplifies the difficulty of finding a proper strategy to prevent diseases by food recommendations. In the current food pyramid, food groups with opposing health effects are combined since they are similar concerning the content of certain nutrients. A further separation of these food groups such as fish and meat, wholemeal and refined cereals and oils and other fats might be beneficial. Furthermore, other food-based dietary guidelines developed for Germany such as the Food Circle of the German Society of Nutrition should be investigated similarly as the German Food Pyramid.
